Summary. Background: Skeletal maturity is used to evaluate biological maturity status. Information about the association between socio-economic status (SES) and skeletal maturity is limited in Portugal. Aims: The aim of this study is to document the skeletal maturity of youths in Madeira and to evaluate variation in maturity associated with SES. Subjects and methods: The study involved 507 subjects (256 boys and 251 girls) from the Madeira Growth Study, a mixed-longitudinal study of five cohorts (8, 10, 12, 14 and 16 years of age) followed at yearly intervals over 3 years (1996)(1997)(1998). A total of 1493 observations were made. Skeletal age was estimated from radiographs of the hand and wrist using the Tanner-Whitehouse 2 method (TW2). Social class rankings were based on Graffar's (1956) method. Five social rankings were subsequently grouped into three SES categories: high, average and low. Results: Median for the radius, ulna and short finger bones (RUS scores) in the total sample of boys and girls increased curvilinearly across age whereas median for the 7 (without pisiform) carpal bones (Carpal scores) increased almost linearly. The 20-bone maturity scores demonstrated distinctive trends by gender: the medians for boys increased almost linearly while the medians for girls increased curvilinearly. SES differences were minimal. Only among children aged 10-11 years were high SES boys and girls advanced in skeletal maturity. Madeira adolescents were advanced in skeletal maturity compared with Belgian reference values. Conclusion: The data suggests population variation in TW2 estimates of skeletal maturation. Skeletal maturity was not related to SES in youths from Madeira.
Introduction
The Tanner-Whitehouse 1 and 2 methods (TW1 and TW2) for assessing skeletal maturity (Tanner et al. 1962 (Tanner et al. , 1975 (Tanner et al. , 1983 have been widely used in several European countries with a twofold purpose: (1) to construct reference values, and (2) to quantify possible differences in biological maturation among populations. Swedish children, for example, were advanced from 1 to 7 years of age in comparison with the British reference (Taranger et al. 1976) . Dutch boys (Van Venrooij-Ysselmuiden and Van Ipenburg 1978) showed a delay in radius, ulna and short finger bones (RUS) and TW2 20-bone (RUS plus carpal bones) scores from 8 to 13-14 years, and thereafter a little advancement until 17, whereas girls showed a delay to the age of 10-11 years, followed by advancement until 15, and then a delay at 16-17 years compared to the British reference. In another study of Dutch children, mean bone ages were similar to or slightly ahead of the British reference from 4 to 8.5 years and delayed from 9 to 14 years (Prahl- Andersen and Roede 1979) .
Danish data (Wenzel and Melsen 1982) also indicated a delay in boys until the age of 13, followed by an advantage up to 15, and equal scores to the British reference at 16 years of age; Danish girls were slightly delayed in TW2 20-bone scores until 11 and were then advanced to 15 years, while mean RUS bone ages were nearly similar to the reference until 10 and shifted to slight advancement to 15 years. Austrian boys (Wenzel et al. 1984) were also delayed compared with the British reference in the TW2 20-bone scores from 7.5 to 15.5 years. Girls were somewhat behind the British reference until 8.5 years and subsequently were advanced to 14.5 years. Boys from the Brussels longitudinal study were delayed compared with the British reference (Susanne et al. 1986 ). However, Belgian boys from the Leuven Growth Study (Beunen et al. 1990) were advanced in RUS scores and delayed for Carpal scores (7 carpal bones without pisiform) compared with the British reference. In contrast, girls showed an advantage for TW2 20-bone and RUS scores. It is generally assumed that genetic and environmental factors contribute to the differences between specific groups.
The association between socio-economic status (SES) and skeletal maturity has been investigated in several European countries to a lesser extent. Inconsistent associations have been noted between SES and skeletal maturity in several populations. A positive secular trend in skeletal maturity has also been identified (Beunen et al. 1990, Eveleth and Tanner 1990 ). In the context of population, SES and secular variation, Tanner et al. (1983) have suggested that each country should develop reference values and revise them periodically. Skeletal maturity information for Portugal are limited. Hence, this study has two objectives: (1) to provide reference data on skeletal maturity in youths from Madeira, and (2) to investigate variation in skeletal maturity associated with SES.
Subjects and methods

Sample
Children and adolescents comprising the sample are from the Madeira Growth Study. The study was approved by the Medical Ethics Committee of the University of Madeira, and written permission from the parents was also given for their children to participate in the study. The Madeira Growth Study is a mixed-longitudinal design with five birth cohorts (8, 10, 12, 14 and 16 years of age) observed at yearly intervals in 1996, 1997 and 1998 and four overlapping ages (10, 12, 14 and 16 years) . Subjects were selected with a stratified sampling procedure with the number of districts, the educational level and school facilities as stratification factors. Overall, 36 schools were sampled in the 11 districts of the Autonomous Region of Madeira. In total, 507 subjects (256 boys and 251 girls) participated in the project. In the first year 8-, 10-, 12-, 14-and 16-year-old subjects were evaluated. The following year included the same individuals at the ages of 9, 11, 13, 15 and 17 years. In the final year the same subjects were observed at 10, 12, 14, 16 and 18 years. Thus, within the 3-year period data were collected across 8-18 years.
A cross-sectional analysis was carried out for the present study. Observations for 1470 youths were used to construct skeletal maturity percentile curves from 8 to 17 years (subjects at the ages of 7 and 18 were excluded because of reduced numbers). However, in the analysis of SES-associated variation in skeletal maturity the total sample of 1493 individuals was used. Mean chronological age by age group, sex and SES is reported in table 1.
Assessment of skeletal maturity and observer agreement
Skeletal age was estimated using the Tanner-Whitehouse method (TW2) (Tanner et al. 1983) . Radiographs were taken of the left hand and wrist of each child in the 3 years with a portable X-ray device designed after Greulich and Pyle (1959) .
Members of the Madeira research team (Anto´nio Rodrigues, Celso Silva and Duarte Freitas) were instructed by Gaston Beunen in the TW2 method and subsequently did an intra-and inter-observer reliability study. After the instruction period, 50 X-rays of the Leuven Growth Study of Belgian Boys were assessed twice by the members of the Madeira team within a 15-day interval. Ratings were compared with those of the experienced assessor. Interobserver agreement between the Madeira team and the experienced assessor was 81.3%, but there was a variation among individual bones ranging from 66% (middle phalange of the fifth finger) to 92% (scaphoid). The overall intra-observer agreement for the Madeira team was 91.8% with a range of 84% (first metacarpal) to 100% (proximal phalange of the thumb). In case of disagreement between ratings, the difference was virtually always one stage. A two-staged difference was observed only in four cases for the first, third and fifth metacarpals.
SES was based on Census 91 (Instituto Nacional de Estatı´stica 1995). Five characteristics (parental occupation, education, income, housing, and residential area features) were used and each was rated on a five-unit scale. The social stratification framework of Graffar (1956) was used, but the five social rankings were combined in three categories: high, average and low. Rankings one and two were grouped into the highest SES, ranking three into the average SES, and rankings four and five in to the lowest SES. Allowing for variation in the number of subjects by SES, the sample was combined by age into several groups: boys 7-9, 10-11, 12-13, 14-15 and 16-18; girls 7-9, 10-11, 12-14 and 15-18 (table 1) . ANOVA was used to test for differences in skeletal maturity by SES within each sex by age group. Post hoc analysis was carried out using Tukey comparisons.
Smoothing percentile curves (RUS, Carpal and TW2 20-bone)
The smoothing procedure for the 10th, 50th and 90th percentile curves was carried out in two successive steps. First, the original values for P10, P50 and P90 were smoothed by eye with a graphical fitting procedure. Second, freehand software tools (8.6.0 version, Macromedia 1988 (8.6.0 version, Macromedia -1998 were used to fit the final curves.
Results
Skeletal maturity
Figures 1 and 2 illustrate the smoothed percentiles for RUS (a), Carpal (b) and TW2-20 bone (c) scores in the total sample of boys and girls, respectively. RUS median scores increase curvilinearly from 8 to 16 years in boys (figure 1a). Carpal median scores reach the adult maturity at the age of 15.0 years (figure 1b). Median Carpal scores increase rather sharply from 8 to 10 years, and then show a lesser, but almost linear increase. The increase in median TW2 20-bone scores (figure 1c) is similar to that of the Carpals, but there is a curvilinear increase from 8 to 11 years of age and then a linear increase to the maximum score at 16.1 years.
In girls, RUS median scores reach the highest value at 15.2 years of age (figure 2a). The scores increase curvilinearly, gradually between 8 and 11 years and then more steeply. Median Carpal scores increase linearly between 9 and 12.9 years of age. At this age the maximum score is attained by 50% of girls (figure 2b). TW2 20-bone scores rise curvilinearly with a steep increase between 8 and 12 years and a more gradual increase thereafter (figure 2c).
Median skeletal maturity scores for Belgian boys and girls are also included in the figures. Median RUS scores of boys from Madeira are higher at all ages than those Madeira girls show a delay in median RUS scores compared with Belgian girls to 11.2 years of age (Beunen et al. 1990) . From this age onward, the median RUS values move to the Belgian P90, and achieve maturity 1 year earlier. After 11 years the P10 values for Madeira girls shift towards the medians, and in turn, P90 values reach maturity about 0.8 years earlier than Belgian P90 values. In contrast, median Carpal scores for Madeira girls show a delay at all ages compared with Belgian girls. Between 8 and 9.4 years Madeira median values are fairly close to Belgian P10 values. Subsequently, the medians gradually shift to Belgian P50 values, and attain maturity at about 0.8 year later. Median TW2 20-bone scores of Madeira girls are similar at 8 years, but are then delayed to 12 years. Median scores then show a slight advance over Belgian girls.
SES variation in skeletal maturity
Chronological ages do not differ by SES in each of the age-by-sex categories (table 1; 0.08<F<2.03; 0.13<p<0.92). Mean skeletal maturity scores and skeletal ages for Madeira youths stratified by SES are summarized in table 2. SES differences in skeletal maturity are significant only among 10-11-year-old boys and girls.
Discussion
The present analysis indicates relatively large differences in skeletal maturity between Madeira and Belgian boys and girls. Since intra-and inter-observer agreement is fairly high, the differences probably do not reflect methodological vari- ation. Baughan et al. (1979) reported a slight delay in TW2 20-bone scores in French-Canadian compared with British children (Tanner et al. 1983) . However, the French-Canadian subjects showed a major advance in RUS scores and a delay in Carpal scores. Beunen et al. (1990) also demonstrated differences between Belgian and British youths. Belgian girls presented an advance in RUS scores at all ages from y Tukey test-post hoc procedure; NS ¼ non-significant; 1>2 ¼ differences between the highest and the average groups; 1>3 ¼ difference between opposing groups (high and low).
6 to 15 years and in Carpal scores up to 11 years. Belgian boys showed an advance in RUS scores, but a delay in Carpal scores. More recently, Ashizawa et al. (1996) have shown that the progress in RUS scores in Japanese children was faster during puberty compared with Indians (Prakash and Cameron 1981) , British (Tanner et al. 1983) , Belgian (Beunen et al. 1990 ) and Chinese children (Ye et al. 1992) . Moreover, comparison among Argentinian, British, Spanish and Italian children led Lejarraga et al. (1997) to conclude that Argentinian children were more advanced than the British (Tanner et al. 1983) and to a lesser extent than the Spanish (Herna´ndez et al. 1991) . The skeletal maturity pattern of Argentinian children was generally closer to that of the Italians (Nicoletti et al. 1991) .
Some of the observed trends in comparison of skeletal maturity between Madeira and Belgium children were also apparent in a Madeira-UK comparison. Madeira children achieved the adult stage of RUS scores approximately 2.4 years earlier in boys and 0.8 year in girls. In contrast, mature Carpal scores were attained at the same age in boys (15.0 year), but at a younger age in girls (12.9 year). TW2 20-bone scores showed the same trend as RUS scores; Madeira boys and girls reached maturity, respectively, about 1.9 years and 1 year sooner than the British. There was a closer correspondence in maturity status of youths from Madeira, Italy and Japan. Beunen et al. (1990) suggested that secular changes in the populations studied over the last 40 years might underlie some of the variation contributing to the advance of Belgian compared with British adolescents. However, the authors also indicated that there is no firm evidence for a very recent secular acceleration in skeletal maturation. The issue of secular change in skeletal maturity in European and other populations needs further study.
The occurrence of a spurt in the RUS scores comparable to that of height and weight was reported in British children by Tanner et al. (1983) . Yearly increments in the RUS scores for Madeira boys and girls are compared with other samples in figure 3. Estimates were obtained from mean scores at successive ages. The yearly increment curves are rather similar except that those for Madeira, Italian and Japanese children are displaced to the left corresponding (Beunen et al. 1990) ; oe, UK (Tanner et al. 1983) ; g, Italy (Nicoletti et al. 1991) ; m, Japan (Ashizawa et al. 1996) ; and ., Madeira (current study).
approximately to a 2-year shift compared with Belgian and British children. The maximum velocity for Madeira boys is somewhat higher than those in the other samples. It is reached at 14.5 years of age whereas in Belgian and British boys the maximum is reached at 16.5 years. The Madeira, Italian and Japanese girls show a more marked acceleration from 8 years and reach a maximum at 12.5 years. The Belgian and British girls appear to reach a maximum velocity at 14.5 years of age. Consistent with the findings by Baughan et al. (1979) and Beunen et al. (1990) , youths from Madeira showed a delay in Carpal scores and advancement in RUS scores. The contrary direction of apparent population differences in Carpal and RUS scores has led Baughan et al. (1979) to propose that skeletal maturity should not be viewed as a single concept. Beunen (1975) identified three factors in skeletal maturity of the 20 bones in the hand and wrist: (1) skeletal maturity of the proximal secondary ossification centres; (2) skeletal maturity of the distal secondary ossification centres; and (3) skeletal maturity of the carpals. Each factor explained about the same percentage of the total variance in maturity scores of the 20 bones of the hand and wrist. Further, the three maturity factors were strongly correlated (r ¼ 0.85-0.95). Drawing on these results Beunen (1975) and Beunen et al. (1990) suggested a common factor influencing the maturity status of the bones of the hand and wrist. The covariation among bones of the hand and wrist does not exclude the possibility that maturity levels in different regions (i.e. Carpals or RUS) can differ systematically.
Variation in skeletal maturity by SES was low in the Madeira sample. It is unclear why SES differences are present only in 10-11-year-old boys and girls. In the Leuven Growth Study of Belgian boys 12-19 years, degree of urbanization and parental employment were not associated with skeletal maturity, but from 15 years onwards urban boys were more advanced than rural boys . Andersen (1968) observed no association with the maternal employment status in a sample of 1009 Danish youths (477 boys and 532 girls 7-17 years). There was a tendency for the percentage of delayed children to increase with decreasing income, but the difference was not significant. Finally, a significant larger number of boys delayed in skeletal maturity was observed among those living in crowded flats. The same trend was apparent in girls, but it was not significant.
In summary, the current study provides reference data on the skeletal maturity status of youths from Madeira and demonstrates that the RUS and TW2 20-bone scores of Madeira children and adolescents are advanced compared to Belgian youths. Carpal maturity scores of Madeira youths show, on the other hand, a delay compared to the Belgian reference. The patterning of skeletal maturity in the Madeira youths appears to be similar to that of Italian, Japanese and Argentinian children and youths especially with regard to the more rapid progression during adolescence. SES-associated variation in skeletal maturity in Madeira youths is limited to the pre-adolescent years, but an explanation for this observation is not immediately apparent.
